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(54) MANUFACTURING METHOD OF ELECTRODE FOR SOLID ELECTROLYTE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method of an 
electrode for solid electrolyte, in which the electrode that has fine 
structure, can be formed, by which the primary properties of ruthenium 
oxide can be demonstrated and maintained to the maximum extent, in 
order to maintain demanded physical properties, such as high 
conductivity, high corrosion resistance, and high catalytic activity even 
at high operating temperature, paying attention to ruthenium oxide as an 
electrode material for solid electrolyte. 

SOLUTION: The manufacturing method of the electrode for solid 
electrolyte consists of a process in which dipybaloylmethanato 
ruthenium is used as a raw material and a heating evaporation of this 
raw material is carried out, a process in which the above raw material 
that has been evaporated by making inert gas as carrier gas is conveyed 
with oxygen gas, on an ion conductive solid-electrolyte substrate, which 
consists of zirconium oxide containing a stabilizing agent, and a process 
in which the above raw material is disassembled on the above solid- 
electrolyte substrate of a predetermined temperature, and the ruthenium 
oxide electrode, which has the fine structure that consists of particles 
which have uniform particle diameters, is formed. 
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JPO and NCIPI are not responsible for any 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The manufacture approach of the electrode for solid electrolytes characterized by to disassemble said 
raw material on said solid-electrolyte substrate of the process which a dipivaloyl meta-NETO ruthenium uses 
[ process ] as a raw material, and carries out the heating evaporation of this raw material, the process which 
convey said raw material which evaporated inert gas as carrier gas to up to the solid-electrolyte substrate of 
oxygen ion conductivity which consists of a zirconium dioxide which contains a stabilizing agent with oxygen gas, 
and predetermined temperature, and to have the process which forms the ruthenium-oxide electrode which has 
the fine structure which consists of a particle with uniform particle diameter. 

[Claim 2] The manufacture approach of the electrode for solid electrolytes according to claim 1 characterized by 
using the dipivaloyl meta-NETO ruthenium which faced making ruthenium trichloride and dipivaloyl methane 
react under existence of an alkaline reaction accelerator, and compounding a dipivaloyl meta-NETO ruthenium 
as said raw material, flowed back under nitrogen-gas-atmosphere mind, obtained the rough raw material, refined 
this rough raw material by the column-chromatography method, and was further refined by sublimation. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrode for solid electrolytes of oxygen ion conductivity 

applied to a fuel cell, an oxygen sensor, etc., and its manufacture approach. 

[0002] 

[Description of the Prior Art] Generally as a solid electrolyte of oxygen ion conductivity, the ingredient which 
made stabilizing agents, such as a calcium oxide or an oxidization yttrium, dissolve is used for the zirconium 
dioxide as fully stabilized zirconia. 

[0003] Since the operating temperature of these solid electrolytes is high, the electrode material of a solid oxide 
type oxygen sensor is required to have high conductivity, high corrosion resistance, and the catalytic activity 
over the dissociative reaction of an oxygen molecule, and, as for current, noble metals, such as platinum, are 
used for it. 

[0004] To it, ruthenium oxide (Ru02) is a metallic oxide with electronic conduction nature, and is expected as a 
new electrode for oxygen sensors from having high conductivity (- 105 S/cm) and catalytic activity. Here, it is 
indicated by JP.8-1 22297.A as an example using ruthenium oxide as an electrode of a solid oxide type oxygen 
sensor. In this official report, ruthenium oxide is used as an inside electrode. And ruthenium oxide is made a 
paste, heating printing is performed at an elevated temperature, and an electrode is made to form. 
[0005] however — the method of forming the ruthenium oxide electrode by paste baking — ■ the magnitude of the 
ruthenium oxide metal particles under paste — submicron - it is difficult to demonstrate demand characteristics, 
such as original high conductivity which is large, and moreover bakes with about ten microns, and ruthenium 
oxide has in response to the effect of the solvent evaporation at the time, a lipobiolite ghost, etc., high corrosion 
resistance, and high catalytic activity over the dissociative reaction of an oxygen molecule, and the platinum 
electrode is actually used as an electrode material of a solid oxide type oxygen sensor. 
[0006] 

[Problem(s) to be Solved by the Invention] In order to acquire high oxygen ionic conduction, it is necessary to 
operate the fully stabilized zirconia used as a solid electrolyte from the former at about 1000 degrees C. 
Therefore, when fully stabilized zirconia was used for a fuel cell or an oxygen sensor, thermal resistance was 
required of the electrode and the component, and the technical problem occurred in dependability, economical 
efficiency, etc. 

[0007] In this invention, in order to maintain demand physical properties, such as high conductivity, high 
corrosion resistance, and high catalytic activity, also in high operating temperature paying attention to ruthenium 
oxide as an electrode material for solid electrolytes, it is in offering the manufacture approach of the electrode 
for solid electrolytes of making the electrode which has the fine structure which demonstrates the physical 
properties of ruthenium oxide original to the maximum extent, and can maintain them form. That is, even if long 
duration use is carried out with high operating temperature, also let it be the purpose to manufacture the 
ruthenium oxide electrode which does not have change in the fine structure. Furthermore, the increment in 
interfacial resistance of a solid electrolyte substrate-electrode is controlled, and it aims at offering the 
manufacture approach of a ruthenium oxide electrode that the electrode interface reaction advanced very easily. 

[0008] It is offering the manufacture approach of a ruthenium oxide electrode of having the fine structure which 
advances raw material decomposition to homogeneity on a solid electrolyte substrate, and consists of a particle 
with uniform particle diameter by using the dipivaloyl meta-NETO ruthenium of a further predetermined high 
grade with a raw material while suppressing decline in the raw material utilization ratio by side reaction advance 
in raw material conveyance etc. 
[0009] 

[Problem(s) to be Solved by the Invention] The process which the manufacture approach of the electrode for 
solid electrolytes of this invention uses [ process ] a dipivaloyl meta-NETO ruthenium as a raw material, and 
carries out the heating evaporation of this raw material, and said raw material which evaporated inert gas as 



carrier gas with oxygen gas Said raw material is disassembled on said solid electrolyte substrate of the process 
conveyed to up to the solid electrolyte substrate of oxygen ion conductivity which consists of a zirconium 
dioxide containing a stabilizing agent, and predetermined temperature. It is characterized by having the process 
which forms the ruthenium oxide electrode which has the fine structure which consists of a particle with uniform 
particle diameter. 

[0010] Moreover, it is desirable to use the dipivaloyl meta-NETO ruthenium which faced to make ruthenium 
trichloride and dipivaloyl methane react under existence of an alkaline reaction accelerator, and to compound a 
dipivaloyl meta-NETO ruthenium as said raw material by the manufacture approach of the electrode for solid 
electrolytes of this invention, flowed back under nitrogen-gas-atmosphere mind, obtained the rough raw material, 
refined this rough raw material by the column-chromatography method, and was further refined by sublimation. 
[0011] The manufacture approach of the electrode for solid electrolytes of this invention is the electrode 
membrane formation approach belonging to the so-called organic metal CVD method (MOCVD law). An organic 
metal CVD method is a CVD method which used the organic metal as a raw material, here — CVD (chemical 
vapor deposition) — law means the approach of making the product by reactions, such as a sink, hydrolysis, an 
autolysis, a photolysis, oxidation reduction, and a permutation, vapor-depositing on a substrate on the substrate 
which heated the gas of a system-of-reaction molecule, or the mixture of gas of this and inactive support. 
[0012] 

[Embodiment of the Invention] Although an operation gestalt and an example are shown about this invention and 
being hereafter explained to a detail, this invention is limited to these publications and interpreted. 
[0013] The procedure which forms a ruthenium oxide electrode on a solid electrolyte substrate hereafter using 
the CVD membrane formation equipment shown in drawin g 1 is explained. The manufacturing installation of 
drawing 1 is an example. A carrier gas supply means 3 by which this CVD membrane formation equipment 
consists of an inert gas generation source 1 which is carrier gas, and a carrier gas flow controller 2, In order to 
introduce into the reaction official 7 interior the oxygen gas supply means 6 which consists of an oxygen gas 
generation source 4 and an oxygen gas flow controller 5, and carrier gas The carrier gas installation tubing 8 
inserted in the coil 7 interior, and the raw material pan 9 for carrying the dipivaloyl meta-NETO ruthenium 
powder which is in a coil 7 and has been arranged in the carrier gas installation tubing 8, The heater 10 for raw 
material heating attached around the reaction tubeside side in order to heat the dipivaloyl meta-NETO 
ruthenium powder put on the raw material pan 9, The oxygen gas installation tubing 1 1 connected with the 
oxygen gas supply means 6 for supplying the oxygen gas introduced possible [ the evaporated dipivaloyl meta- 
NETO ruthenium which is conveyed with inert gas from the carrier gas installation tubing 8, and mixing ] to the 
coil 7 interior, The mixer section 12 which mixes oxygen gas and the evaporated dipivaloyl meta-NETO 
ruthenium to homogeneity, It has the exhaust air means 19 which consists of the substrate electrode holder 14 
which is installed in the coil 7 interior and holds a substrate 13, the heater 15 for substrate heating attached 
around coil 7 side face in order to heat a substrate 13, the pressure gage 16 and vacuum pump 17 which adjust 
the coil 7 interior to place constant pressure, and a jet pipe 18. 

[0014] First, a dipivaloyl meta-NETO ruthenium is put on the raw material pan 9, and as shown in drawing 1 , it is 
in a coil 7 and installs near the edge of the carrier gas installation tubing 8. 

[0015] The dipivaloyl meta-NETO ruthenium of a raw material is desirable. A dipivaloyl meta-NETO ruthenium 
(Ru3 (DPM)) belongs to beta-diketone (R1-CO-CH2-CO-R2) complex. For example, in an acetylacetonate 
ruthenium (Ru3 (AcAc)), in order to obtain required vapor pressure, whenever [ high stoving temperature ] is 
needed. On the other hand, a dipivaloyl meta-NETO ruthenium can set up lower than an acetylacetonate 
ruthenium whenever [ for making it evaporate / stoving temperature ]. Moreover, there is also almost no residue 
after evaporation. Therefore, the utilization ratio of a raw material becomes high. 

[0016] It is more desirable to use the dipivaloyl meta-NETO ruthenium which faced to make ruthenium 
trichloride and dipivaloyl methane react under existence of an alkaline reaction accelerator, and to compound a 
dipivaloyl meta-NETO ruthenium in this invention, flowed back under nitrogen-gas-atmosphere mind, obtained 
the rough raw material, refined this rough raw material by the column-chromatography method, and was further 
refined by sublimation. The oxidative degradation in the middle of synthetic does not happen by the reflux under 
nitrogen-gas-atmosphere mind, but the dipivaloyl meta-NETO ruthenium obtained by the above-mentioned 
process has little content of a by-product. Therefore, evaporation effectiveness is high and there is little residue 
after evaporation. Moreover, since there are few contents of a by-product, the decomposition before substrate 
attainment decreases, and while purity has been high, a dipivaloyl meta-NETO ruthenium will be supplied to a 
substrate front face. Furthermore, since there are few foreign matter gas other than a dipivaloyl meta-NETO 
ruthenium, for example, the one half solution by-product of a raw material, carbon system compounds, etc., the 
reaction on the front face of a substrate progresses to homogeneity, and it becomes possible to deposit of it the 
ruthenium oxide thin film which consists of a particle to which particle diameter was equal. In addition, if there is 
much foreign matter gas other than a dipivaloyl meta-NETO ruthenium, it will be thought that it becomes the 
factor which checks a deposit of the ruthenium oxide thin film which consists of a particle to which particle 



diameter was equal. 

[0017] It is under nitrogen-gas-atmosphere mind, for example, 100-230 degrees C, reflux conditions are 120-210 
degrees C, and are 18-22 hours preferably for 15 to 25 hours. Moreover, as an alkaline reaction accelerator, a 
sodium hydrogencarbonate. a potassium hydrogencarbonate, etc. can be illustrated, for example. 
[0018] The pan of the inactive quality of the material is chosen to a dipivaloyl meta-NETO ruthenium, for 
example, let a raw material pan be a quartz boat. 

[0019] In addition, although drawing 1 described the approach to which a dipivaloyl meta-NETO ruthenium is 
made to sublimate, a dipivaloyl meta-NETO ruthenium may be dissolved in an organic solvent, for example, 
ethanol, it may contain in an evaporation container, and a raw material steam may be introduced into the interior 
of a coil 7, for example, a quartz tube, by bubbling. [0020] Next, the inside of a coil 7 is considered as 
predetermined reduced pressure with the exhaust air means 19. 13-4000Pa of pressures is preferably set to 13- 
70Pa. 

[0021] The heater 15 for substrate heating is operated and a substrate 13 is heated to predetermined 
temperature. Substrate temperature is made into 400-800 degrees C. 

[0022] Let a substrate be the solid electrolyte substrate of oxygen ion conductivity which consists of a 
zirconium dioxide containing a stabilizing agent. As a stabilizing agent, it is desirable in magnesium oxide, a 
calcium oxide, an oxidization yttrium, or a scandium oxide list that they are metallic oxides, such as cerium oxide. 
The zirconium dioxide containing a stabilizing agent is a stabilization zirconium dioxide or a partial stabilization 
zirconium dioxide. 

[0023] Next, the raw material heating heater 15 is operated and a raw material 26 is heated. Whenever [ raw 
material stoving temperature ] is made into 140-270 degrees C. In order to obtain a desired evaporation rate, 
whenever [ raw material stoving temperature ] is adjusted suitably. [0024] Next, the carrier gas installation 
means 3 is operated and inert gas, for example, argon gas, is sent to the raw material pan 9. Nitrogen gas may be 
used. The oxygen gas installation means 6 is operated to coincidence, and oxygen gas is introduced into it within 
a reaction. At drawing 1, although the carrier gas installation tubing 8 and oxygen gas installation tubing 1 1 are 
made into the condition of it having been parallel and having inserted within the reaction, in order to ensure 
mixing with carrier gas and oxygen gas, the carrier gas installation tubing 8 may arrange the oxygen gas 
installation tubing 1 1 which has a bigger bore than the outer diameter of the carrier gas installation tubing 8 in 
the mode in which it is inserted inside the oxygen gas installation tubing 1 1. The magnitude and substrate 
magnitude of a coil 7 adjust the flow rate of inert gas and oxygen gas suitably. 

[0025] The carrier gas and oxygen gas containing a raw material are sent in a coil 7, and are introduced into 
substrate 13 front face stirred and heated by the mixer 12. In addition, since the substrate heating heater 15 is 
set as temperature higher than the raw material heating heater 10, a raw material does not condense it to the 
internal surface of a coil 7. [0026] The raw material which arrived at the substrate front face is pyrolyzed, and 
ruthenium oxide deposits on a substrate under oxygen existence. In addition, since six oxygen atoms are 
contained to one ruthenium atom, even if the dipivaloyl meta-NETO ruthenium which is a raw material does not 
introduce oxygen theoretically, it can deposit ruthenium oxide. However, since a carbon atom is contained, if 
oxygen is consumed by carbonaceous combustion, it will be in reduced condition, and there is a possibility that 
the ruthenium oxide of an oxygen deficiency may become easy to deposit, and impurities, such as carbon, may 
mix into a ruthenium oxide electrode. Therefore, it is desirable to introduce oxygen gas within limits which 
prevent these. 

[0027] In addition, since the inside of a coil 7 is made into reducing atmosphere with an organic solvent when a 
dipivaloyl meta-NETO ruthenium is dissolved in an organic solvent and a raw material steam is introduced by 
bubbling, the need of introducing much oxygen arises. Since the ruthenium oxide of an oxygen deficiency 
becomes easy to deposit and it becomes easy to mix impurities, such as carbon, into a ruthenium oxide 
electrode, make it therefore, more more desirable to evaporate a dipivaloyl meta-NETO ruthenium by 
sublimation. [0028] Thus, an electrode interface reaction advances very easily and the obtained ruthenium oxide 
has the fine structure which demonstrates the physical properties of ruthenium oxide original to the maximum 
extent, and can maintain them. It has the fine structure which advances raw material decomposition to 
homogeneity on a solid electrolyte substrate, and consists of a particle with uniform particle diameter by using 
the dipivaloyl meta-NETO ruthenium of a further predetermined high grade with a raw material while decline in 
the raw material utilization ratio by side reaction advance in raw material conveyance etc. is suppressed. The 
ruthenium oxide electrode which has such the fine structure does not have change in the fine structure, even if 
long duration use is carried out with high operating temperature, and it does not have property degradation. 
Moreover, the increment in interfacial resistance of a solid electrolyte substrate-electrode is controlled. In 
addition, particle diameter is 1, although it is possible from the cluster which consists of a number atom to a 
dozens of microns particle and is influenced by thickness. It is about 100 microns from NANOMETORU. 
[0029] In addition, let a ruthenium oxide electrode be the optimal thickness with the configuration of a solid 
electrolyte oxygen sensor, magnitude, etc. Thickness can be controlled by conditions, such as the amount of 



supply of a raw material, and membrane formation time amount. 
[0030] 

[Example] (Evaporation test of a raw material) Thermogravimetric analysis was performed by making into an 
example the dipivaloyl meta-NETO ruthenium which faced making ruthenium trichloride and dipivaloyl methane 
react under existence of an alkaline reaction accelerator, and compounding a dipivaloyl meta-NETO ruthenium, 
flowed back within the limits of 155-200 degrees C under nitrogen-gas-atmosphere mind for 20 hours, obtained 
the rough raw material, refined this rough raw material by the column-chromatography method, and was further 
refined by sublimation. A result is shown in drawing 2 . It began to sublimate from near 140 degree C, and 
sublimated completely near 230 degree C so that clearly from a thermogravimetric curve. On the other hand, 
when the sublimation test same as an example of a comparison was performed, it was begun from near 200 
degree C to sublimate an acetylacetonate ruthenium (Ru3 (AcAc)), and sublimation was completed near 270 
degree C. Therefore, a dipivaloyl meta-NETO ruthenium has a vapor pressure property higher than an 
acetylacetonate ruthenium at low temperature. Moreover, since evaporation stability is good, there is little 
residue. This has suggested that a dipivaloyl meta-NETO ruthenium is stabilized and even a substrate reaches. 
[0031] (Formation of a ruthenium oxide electrode) The ruthenium oxide electrode was formed on the yttria 
stabilization zirconium dioxide substrate using the equipment of drawing J . The dipivaloyl meta-NETO ruthenium 
was introduced into the coil with oxygen gas by making an argon into carrier gas. For a 8.0x1 0-7m3/s and 
oxygen gas flow rate, it is referred to as 3.2x1 0-7m3/s, and a carrier gas flow rate is 60 at the substrate 
temperature of 650 degrees C. Membranes were part-formed. 

[0032] (Fine structure evaluation) observation of the fine structure according [ using the obtained film as an 
example 1 ] to an electron microscope (SEM), and the homologous by the X diffraction (XRD) — the law was 
performed. The result of SEM observation of an example 1 is shown in draw ing 3 (a). It turned out that the 
spherical particle with a diameter of about 0.3 micrometers generated. Moreover, as the film was shown in 
drawing_4 , it checked by XRD that it was ruthenium oxide (Ru02). When this film was heat-treated at 850 
degrees C among air for 8 hours, as shown in drawing 3 (b), the fine structure hardly changed. A ruthenium oxide 
electrode is formed from the particle of the homogeneity to which particle diameter was equal, and since there 
are few particles smaller than this, this is considered that the big and roughHzed phenomenon of the crystal 
grain child by fusion of a small particle did not occur. It is thought of with since there were few by-product 
generation reactions produced by using a dipivaloyl meta-NETO ruthenium as a raw material except a substrate 
that generating of a small particle was controlled. Moreover, that the fine structure is not changing originates 
also in the combination of Ru02 and a stabilization zirconium dioxide substrate being very good. In addition, 
thickness was 2-3 micrometers. 

[0033] The platinum electrode which formed membranes by sputtering was made into the example 1 of a 
comparison. By heat treatment, the fine structure changed a lot and it gazed at the organization which 
condensed to island shape. On the other hand, the good fine structure was maintained and, as for the example 1, 
it turned out that it is the electrode excellent in thermal resistance. 

[0034] Kim and others (inside of Electrochemical and Solid-State Letters and A4(5) A62-64 (2001), drawing 2 ) 
was sprayed on the substrate which heated the ethanol solution of a ruthenium chloride, and produced Ru02 
film. The film is very a non-dense, although the film obtained by this approach consists of the particle as the 
example 1 of reference of drawing 5 shows it. 

[0035] Lim and others (inside of Journal of The Electrochemical Society and A148(3) A275-278 (2001), drawing 
2 ) made Ru02 film deposit on a substrate by the spatter of Ru02. The magnitude of a particle is not uniform, 
although this film consists of an about dozens of nm particle and is precise as the example 2 of reference of 
drawing 6 shows it. 

[0036] When the example 1 of reference of drawing 5 , and the example 2 of reference and example 1 of drawing 
6 are compared, an example 1 has the description in the place which is the thin film which consists of a uniform 
particle to which particle diameter was equal. Since it is constituted by the particle of uniform magnitude, it is 
thought that it is the outstanding electrode in which the stable electrode engine performance is shown. 
[0037] (Electrical-characteristics evaluation) A golden electrode and lead wire were attached to the ruthenium 
oxide electrode surface of an example 1 with golden mull technique, and evaluation of the output characteristics 
(I-V property) by direct current anodizing and complex impedance by the alternating current impedance method 
were evaluated. The same approach as the platinum-electrode front face which formed membranes by sputtering 
of the example 1 of a comparison similarly estimated the output characteristics (I-V property) by direct current 
anodizing. The evaluation result of the complex impedance according to the alternating current impedance 
method of an example 1 to drawing 8 according to the evaluation result of output characteristics to drawing 7 
was shown. 

[0038] (Example 2 of a comparison) The paste including the end of platinum superfines was applied on the yttria 
stabilization zirconium dioxide substrate, it heat-treated, the platinum electrode was obtained, and this was made 
into the example 2 of a comparison. 



[0039] (Example 3 of a comparison) The paste including the end of iridium superfines was applied on the yttria 
stabilization zirconium dioxide substrate, it heat-treated, the iridium electrode was obtained, and this was made 
into the example 3 of a comparison. 

[0040] (Example 4 of a comparison) The paste including the end of palladium superfines was applied on the yttria 
stabilization zirconium dioxide substrate, it heat-treated, the palladium electrode was obtained, and this was 
made into the example 4 of a comparison. 

[0041] (Example 5 of a comparison) The paste including the end of rhodium superfines was applied on the yttria 
stabilization zirconium dioxide substrate, it heat-treated, the rhodium electrode was obtained, and this was made 
into the example 5 of a comparison. 

[0042] (Example 6 of a comparison) The paste including the end of golden superfines was applied on the yttria 
stabilization zirconium dioxide substrate, it heat-treated, the golden electrode was obtained, and this was made 
into the example 6 of a comparison. 

[0043] The output characteristics by direct current anodizing were evaluated also about the examples 2-6 of a 
comparison. The evaluation result of output characteristics was collectively shown in drawing 7 . [0044] 
According to drawing 7 , in the example 1, output characteristics changed linearly and it has checked that the 
property good as an electrode was acquired. Furthermore, 500 degrees C and applied-voltage 5.0 kV/m showed 
the output current of 52 A/m2. This value is a very high value of two to 3 times of the platinum electrode 
(example 1 of a comparison) produced by the spatter. 

[0045] In addition, change was not looked at by conductivity, either, when the same output characteristics were 
evaluated about the sample heat-treated at 850 degrees C about the example 1 for 8 hours. This brought a 
result which is before and after heat treatment by SEM observation, and did not have change in the fine 
structure, and a result in agreement. 

[0046] The result evaluated about the temperature dependence of the electrode interfacial resistance 
component of an electrode was shown in drawing 9 about the example 1 and the example 1 of a comparison. As 
for the ruthenium oxide electrode of an example 1, the example 1 of a comparison showed having the 
temperature-current characteristic with electrical conductivity good high moreover within the limits of 800-1250 
degrees C. It turns out that the example 1 is suitable as an electrode of the solid oxide type oxygen sensor 
which needs high operating temperature. 

[0047] The result when using the electrode of an example 1 for dravying 8 , and performing alternating current 
impedance analysis to it is shown. This drawing shows that there are about three semicircles. The small 
semicircle near a zero (C-10-12F) is not based on the class of electrode, and is the conductivity of the bulk of a 
stabilization zirconium dioxide substrate. The semicircle (C=2.1 x10-8F) of the continuing right-hand side shows 
the conductivity of the grain boundary component of a substrate. The quarter circle (C=1 .5x1 0-6F) of the 
continuing right-hand side shows the conductivity of the interface component of a substrate and an electrode. In 
the example 1, it turns out that it is greatly dependent on the class of electrode, and the electrode interface 
reaction is advancing very easily since the quarter circle resulting from electrode interfacial resistance 
(C=1.5x10~6F) is small and the conductivity of the interface component of a substrate and an electrode is large. 
This originates also in the affinity of a ruthenium oxide electrode and a stabilization zirconium dioxide as the 
column of fine structure observation described it. 

[0048] As mentioned above, it became clear that it is the electrode excellent in the ruthenium oxide film 

produced by the MOCVD method. 

[0049] 

[Effect of the Invention] It became possible to make the electrode which has the fine structure which 
demonstrates the physical properties of ruthenium oxide original to the maximum extent, and can maintain them 
by this invention in order to maintain demand physical properties, such as high conductivity, high corrosion 
resistance, and high catalytic activity, also in high operating temperature form. That is, an electrode interface 
reaction is the ruthenium oxide electrode which ran very easily, and this electrode does not have change in the 
fine structure, even if long duration use is carried out with high operating temperature. Furthermore, the 
increment in interfacial resistance of a solid electrolyte substrate-electrode is controlled. 

[0050] By using the dipivaloyl meta-NETO ruthenium of a further predetermined high grade with a raw material, 
while suppressing decline in the raw material utilization ratio by side reaction advance in raw material 
conveyance etc., the ruthenium oxide electrode which has the fine structure which advances raw material 
decomposition to homogeneity on a solid electrolyte substrate, and consists of a particle with uniform particle 
diameter can be offered. There is still less evaporation residue. 

[0051] When using fully stabilized zirconia for a fuel cell or an oxygen sensor, in order to excel in affinity with 
fully stabilized zirconia and to acquire high oxygen ionic conduction, when operating at high temperatures of the 
electrode manufactured by this invention is carried out, it is excellent in the thermal resistance of an electrode, 
and dependability and economical efficiency also have it. 
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DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram having shown the manufacturing installation used for formation of the 
electrode for solid electrolytes by the example of this invention. 

[Drawing 2] It is drawing showing the thermogravimetric curve of a raw material, and is a showing [ two 
examples, Ru (DPM)3 and Ru (AcAc)3 f ] thing. 

[Drawing 3] It is drawing showing the electron microscope photograph of the electrode of an example 1, and (a) 
is after membrane formation and (b) is the fine structure of after [ of 850 degree-C 8 hours / annealing ] **. 
[Drawing 4] It is drawing showing the X diffraction chart of the electrode of an example 1. A substrate is a yttria 
stabilization zirconium dioxide. 

[ Draw ing 5] It is drawing showing the electron microscope photograph of an electrode, and the thing after 
membrane formation of an example 1 and the thing which the example 1 of reference quoted are shown. 
[Drawing 6] It is drawing showing the electron microscope photograph of an electrode, and the thing after 
membrane formation of an example 1 and the thing which the example 2 of reference quoted are shown. 
[Drawing 7] It is the output-characteristics Fig. (I-V property Fig.) of an example 1 and the examples 1-6 of a 
comparison. 

[Drawing 8] It is drawing having shown the result of having performed alternating current impedance analysis of 
the electrode of an example 1. 

[Drawing 9] It is drawing showing a temperature-interface conductivity property about the electrode interfacial 
resistance component of an electrode, and an example 1 and the example 1 of a comparison are shown, 
respectively. 

[Description of Notations] 

1, an inert gas generation source 

2, a carrier gas flow controller 

3, a carrier gas supply means 

4, an oxygen gas generation source 

5, an oxygen gas flow controller 

6, an oxygen gas supply means 

7, a reaction official 

8, carrier gas installation tubing 

9, the raw material pan 9 

10, the heater for raw material heating 

1 1, oxygen gas installation tubing 

12, the mixer section 
13 Substrate 

14, a substrate electrode holder 

1 5, the heater for substrate heating 

1 6 Pressure gage 

1 7 Vacuum pump 

18 Jet pipe 

19, an exhaust air means 

20 Thermocouple 

21 Needle valve 

23, 24, a flange with a seal 

25, a ribbon heater 

26, raw material powder 
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